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7RUUHIDFWLRQ LVD WKHUPDOELRPDVVFRQYHUVLRQPHWKRG LQ WKH WHPSHUDWXUH UDQJH IURP WR& LQ VRPHFDVHV
H[FHHGLQJ& ,QPRVW FDVHV LW LVSHUIRUPHG LQDWPRVSKHULF FRQGLWLRQV LQ WKHDEVHQFHRIR[\JHQ >@7KHNH\
EHQHILWV IURP WRUUHIDFWLRQ LV WKH LQFUHDVH RI IXHO FDORULILF YDOXH WKURXJK HQHUJ\ GHQVLILFDWLRQ LQFUHDVLQJ WKH ELRPDVV
K\GURSKRELFLW\ORZHULQJWKHHTXLOLEULXPPRLVWXUHFRQWHQWDQGGHFUHDVLQJERWKWKHPRLVWXUHFRQWHQWDQGIXHOPDVV>@
7KHDPRXQWRISXEOLVKHGVWXGLHVRQWRUUHIDFWLRQLVFRPSDUDWLYHO\VPDOOKRZHYHULQUHFHQW\HDUVWKHQXPEHURI







VWXGLHVVRIDUKDYHDQDO\]HGRQO\WKHZRRG\SDUWRI WKH ORJJLQJUHVLGXHVRPLWWLQJ WKHWRUUHIDFWLRQ LPSDFWRQSLQH
DQG VSUXFH QHHGOHV 7KHUHIRUH WKLV VWXG\ LV FRQGXFWHG LQ RUGHU WR HYDOXDWH WKH FKDQJHV LQ IXHO SURSHUWLHV RI
FRQLIHURXVIRUHVWUHVLGXHLQSDUWLFXODUVSUXFHDQGSLQHQHHGOHVDQGWZLJVLQIOXHQFHGE\WRUUHIDFWLRQ
0DWHULDOVDQGPHWKRGV
,Q RUGHU WR HYDOXDWH WKH FRQLIHURXV ORJJLQJ UHVLGXH SLQH DQG VSUXFH QHHGOH DQG WZLJ IXHO SURSHUWLHV DQ
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7UHHVSHFLH SLQH VSUXFH SLQH SLQH SLQH VSUXFH VSUXFH VSUXFH VSUXFH SLQH VSUXFH SLQH
7RUUHIDFWLRQ QR \HV QR \HV \HV \HV QR QR QR QR \HV \HV
'U\LQJWHPSHUDWXUH&            

)RUDOO WKHVDPSOHV1HWDQG*URVVFDORULILFYDOXHVDUHGHWHUPLQHGDFFRUGLQJWR/96(16WDQGDUGXVLQJ






LQIOXHQFH RI WKH WZLJ GU\LQJ WHPSHUDWXUH RQ WKH WRUUHIDFWLRQ UHVXOWV ZDV QRW VWXGLHG EHFDXVH VXFK VWXGLHV KDYH
DOUHDG\EHHQFDUULHGRXW>@
7KH VDPSOH PDWHULDO ZDV KDUYHVWHG LQ WKH DXWXPQ RI  LQ IRUHVW FOHDULQJV IURP ORJJLQJ UHVLGXHV 7KH
WRUUHIDFWLRQZDV SHUIRUPHG XVLQJ DPHWDO WRUUHIDFWLRQPRXOG HQVXULQJ WKH H[KDXVW RI WKH JDVHV GLVFKDUJHG IURP
ELRPDVVZKLOHKHDWLQJDQGDWWKHVDPHWLPHOLPLWLQJWKHHQWUDQFHRIR[\JHQ,QWKLVH[SHULPHQWVHULHVWKHRSWLPDO
WHPSHUDWXUHVDQGGXUDWLRQRIWRUUHIDFWLRQZHUHQRWVWXGLHGLQGHWDLORQO\LIWRUUHIDFWLRQKDVDSRVLWLYHHIIHFWRQWKH
QHHGOHV IXHO SURSHUWLHV 7KH WRUUHIDFWLRQ RI WKH VDPSOHV LV SHUIRUPHG DW  & IRU WZR KRXUV ZLWK WKH LQLWLDO
WHPSHUDWXUHRI&UHDFKLQJWKHPD[LPXPWHPSHUDWXUHLQDQKRXUDQGWKHFRROLQJWLPHRIRQHKRXU
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7KH H[SHULPHQWDO UHVXOWV DUH DQDO\]HG XVLQJ WKH VWDWLVWLFDO DQDO\VLV WRRO Statgraphics 7KH PHDVXUHPHQW
UHOLDELOLW\ FRUUHODWLRQ DQG WKH LQWHUDFWLRQ EHWZHHQ WKH LQYHVWLJDWHG IDFWRUV DQG WKH H[SHULPHQW UHVSRQVHV ZDV
GHWHUPLQHG
5HVXOWVDQGGLVFXVVLRQ
7KHPHDVXUHG UHVXOWV IRU WKHSUHSDUHGVDPSOHVDUHJDWKHUHG LQ7DEOH ,W LVGHWHUPLQHG WKDW WKHPHDVXUHPHQW
UHVXOWV DUH DGHTXDWH DQG FDQ EH XVHG LQ WKH H[SHULPHQW DQDO\VLV DV WKH 5VTXDUHG YDOXHV IRU WKH WUHH QHHGOH
H[SHULPHQWVUDQJHIURPWR7KHUHVXOWVDUHHYDOXDWHGXVLQJDFXELFH[SHULPHQWGHVLJQPRGHO7KH
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7KH KLJKHVW DVK FRQWHQW ZDV GHWHUPLQHG IRU WKH WRUUHIDFWHG VSUXFH QHHGOHV  DQG  $Q HYHQ JUHDWHU
FRQQHFWLRQ LV REVHUYHG LQ FDVH RI FRQLIHURXV WUHH WZLJV$V LW FDQEH VHHQ LQ )LJD WKHPRLVWXUH FRQWHQW RI WKH
VDPSOH LVPRVWDIIHFWHGE\ WRUUHIDFWLRQ39DOXHDQGGU\LQJ WHPSHUDWXUH39DOXH7KHUHIRUH WKH
VDPSOHVWKDWZHUHGULHGDW&RUWRUUHIDFWHGDWWKHWLPHRIRWKHUWHVWVKDGDORZHUPRLVWXUHFRQWHQWWKDQWKHUHVW
RIWKHVDPSOHV
7KH H[SHULPHQWV LQGLFDWH WKDW WKH WRUUHIDFWLRQRI WKHQHHGOHV LQFUHDVHV WKH1HW DQG*URVV FDORULILFYDOXHV VHH
)LJFDQGG7KHFDORULILFYDOXHLVDOVRGHSHQGHQWRQWKHWUHHVSHFLHV7KHKLJKHVWFDORULILFYDOXHVDUHUHDFKHGIRU



















$V LW FDQ EH VHHQ LQ )LJ  FRQLIHURXV ORJJLQJ UHVLGXHV QHHGOHV DQG EUDQFKHV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&RQFOXVLRQ
'XULQJUHFHQW\HDUVWKHQXPEHURIVWXGLHVIRFXVHGRQWKHLPSURYHPHQWRIELRPDVVIXHOTXDOLW\XVLQJWRUUHIDFWLRQ







WKH FDORULILF YDOXH RI WKH PDWHULDOV 7KH H[SHULPHQWV FRQILUP WKDW MXVW DV IRU RWKHU ELRPDVV W\SHVWRUUHIDFWLRQ
VLJQLILFDQWO\LQFUHDVHVWKHFDORULILFYDOXHRIFRQLIHURXVIRUHVWUHVLGXHV7KHKLJKHVWFDORULILFYDOXHRI0-NJ
ZDV UHDFKHG IRU WRUUHIDFWHG SLQH QHHGOHV 7RUUHIDFWHG FRQLIHURXV WUHH QHHGOHV KDYH D KLJKHU FDORULILF YDOXH WKDQ
WRUUHIDFWHGFRQLIHURXV WUHHEUDQFKHVZKLOH WKHFDORULILFYDOXHRIQRQWRUUHIDFWHGQHHGOHV LV ORZHU WKDQ WKDWRI WKH
QRQWRUUHIDFWHGEUDQFKHV7KLV LQGLFDWHV WKDW WKH WRUUHIDFWLRQKDVDGLIIHUHQWHIIHFWRQGLIIHUHQWELRPDVVSDUWV OLNH
























>@ 6KDQJ/1LHOVHQ13.'DKO -6WHOWH:$KUHQIHOGW -+ROP -.7KRPVHQ7+HQULNVHQ8%4XDOLW\ HIIHFWV FDXVHGE\ WRUUHIDFWLRQRI
SHOOHWVPDGHIURP6FRWVSLQH)XHO3URFHVVLQJ7HFKQRORJ\±
>@ )HOIOL))/XHQJR&$6XiUH]-$%HDWyQ3$:RRGEULTXHWWHWRUUHIDFWLRQ(QHUJ\IRU6XVWDLQDEOH'HYHORSPHQW±
>@7RR\VHUNDQL=6RNKDQVDQM6%L;/LP-/DX$6DGGOHU-.XPDU//DP360HOLQ66WHDPWUHDWPHQWRIIRXUVRIWZRRGVSHFLHVDQG
EDUNWRSURGXFHWRUUHILHGZRRG$SSOLHG(QHUJ\±
>@ -lUYLQHQ7$JDU'([SHULPHQWDOO\GHWHUPLQHGVWRUDJHDQGKDQGOLQJSURSHUWLHVRIIXHOSHOOHWVPDGHIURPWRUUHILHGZKROHWUHHSLQHFKLSV
ORJJLQJUHVLGXHVDQGEHHFKVWHPZRRG)XHO±
>@%OXPEHUJD'HWDO%LRHQHUJ\WHFKQRORJLHV5LJD
